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LILE and HFSE elements decrease in the lower part of the sequence. These features indicate that a mafic
source supplied detritus during the deposition of the lower Red Beds and decreased in importance during the
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ABSTRACT: The Paleogene Red Bed deposits in northern Iraq crop out as a narrow northwest-southeast
trending belt within the thrust zone in an active foreland basin developed adjacent to the Zagraos orogenic belt.
The Red Beds are divided vertically into four units. The lower part (unit 1) is mainly composed of red mudstone
and siltstone. The middle part (unit 2) is mainly composed of sandstone with thin interbeds of red siltstone. The
upper part is composed of conglomerate (unit 3) covered by 100-120 m of red mudstone, siltstone and sandstone
(unit 4). The geochemical stratigraphy shows an increase in transition elements and REEs while LILE and HFSE
elements decrease in the lower part of the sequence. These features indicate that a mafic source supplied detritus
during the deposition of the lower Red Beds and decreased in importance during the deposition of the middle
and upper parts as a result of erosion or tectonic activity.
Keywords: Red Beds, Mafic Source, Iraq, Zagros Orogenic Belt
Red Beds and depletion of HFSE upward towards
the middle and upper parts. This pattern probably
reflects regressive erosion of the mafic components
upwards through the section with the effect of a
minor felsic source in the middle and upper parts of
the Red Bed sequence.
Laterally, the Mawat-Chwarta area section has
been more affected by mafic and ultramafic sources
than Qandel area section (Suwais).

1. INTRODUCTION
The geochemical composition of rocks is
generally a useful tool to determine the chemical
characteristics of the the source area [1] and draw
tectonic conclusions [2]. The diagenesis, nature of
the source rock and the weathering of the source
area can also be deduced from the geochemical
composition of clastic rocks [3], [4], [5], [6].
One section was selected from the Mawat area
(Sorakalat section) in the south-eastern part of the
basin and one section was selected from Qandel
area (Suwais section) on the northwest side of the
basin (Fig. 1). Rare earth element studies are very
useful because their distribution is stable in various
rocks and minerals under different conditions, such
as weathering, transportation and metamorphism.
Rare earth elements were normalized to
chondrite, average shale and upper continental crust
and plotted on spider diagrams and showed that the
lower parts of the sequence in the Mawat area is
enriched in HREEs in comparison to the middle
and upper parts of the Red Beds which have less
HREEs. Trace elements were normalized to Upper
Continental Crust [7] and plotted on spider
diagrams and also plotted versus stratigraphic
height to assess their vertical distribution.
The REE patterns indicate the lower part
derived from a mafic source with minor
contributions from a felsic source. This is distinctly
different from the middle and upper parts of the
sequence. Trace element diagrams show a
concentration of transition elements and high field
strength elements (HFSE) in the lower parts of the

Fig. 1. Location map of the study area (Qandel and
Mawat-Chwarta areas.
2. GEOLOGICAL SETTING
The Zagros Mountains of northern Iraq are
geologically part of the extensive Alpine mountain
belt. They form a narrow strip along the border
between Iraq and Iran and include two main zones:
the Zagros Simply Folded Belt in the southwest and
the Zagros Suture Zone in the northeast. These
zones are included in the Zagros Orogen. A
foreland basin occurs southwest of the Zagros
Mountains. The tectonic development of the Zagros
938
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Mountains indicates that the foreland basin was
initiated in the Late Cretaceous during ophiolite
obduction along the Zagros Suture Zone followed
by continental collision of the Arabian plate with
Eurasia in the Cenozoic [8], [9]. Late Cretaceous
and Paleogene foreland basin deposits have been
folded and are therefore now part of the Zagros
Simply Folded Zone. In northeast Iraq, the former
Zagros foreland basin included Cretaceous shallowmarine deposits of the Shiranish and Tanjero
Formations overlain by continental deposits of the
Paleogene Red Beds (Fig. 2). The Paleogene
sedimentary rocks in the foreland basin record
sedimentation developed during the Alpine
orogeny. The Red Beds are structurally overlain by
thrust sheets that are part of the Zagros Suture
Zone. In the Mawat-Chwarta area the Red Beds are
structurally overlain by the volcanic rocks of the
Naopurdan Group [10] whereas the contact with the
underlying Tanjero Formation is gradational as
confirmed by the current study.

Beds with the Tanjero Formation is conformable, as
occurs in the Mawat-Chwarta area (Fig. 3). This
contact is sharp in some areas and a transition in
others [12]. An angular unconformity was also
recorded in the study area close to the Suwais
sections (Fig. 3). The variety of detrital components
in the stratigraphic column through the Red Beds
reflects the unroofing history of the thrust sheets
that provided the components to the Red Bed basin.

2.1 Tanjero Formation (Maastrichtian)
The Tanjero Formation is another rock unit of
the Late Cretaceous succession in the study area. It
is widespread in the Kurdistan region of northern
Iraq [11] (Fig. 3). The formation is over 2010 m
thick. The upper part of the Tanjero Formation
contains
foraminifera
consistent
with
a
Maastrichtian age for the unit. The lower part of the
succession is composed of 480 m of globigerinal
marl and rare siltstone. Its upper part consists of
1530 m of mixed siliciclastic and carbonate
sedimentary rocks including silty marl, siltstone,
sandstone, conglomerate, and organic detrital
limestone. An interfingering interval ~45 m thick
with gradational contacts between the Tanjero and
Aqra Formations occurs in the Mawat-Chwarta area
(Sorakalat section). It is composed of sandy detrital
limestone, which progressively changes upwards to
a calcareous sandstone, rich in shell debris. The
boundary between the Tanjero Formation and the
overlying Red Beds in the Mawat-Chwarta area is
locally marked by Quaternary sediments.
Furthermore, such a boundary is also recognized in
nearby Sorakalat village, where fossiliferous
limestone beds are recognized within the lowermost
part of the Red Beds.

Fig. 2. Regional geological map of northern Iraq
(Kurdistan area) and northwestern Iran showing
locations of the study areas and Late Cretaceous
formations and thrust sheets [13].

2.2 Red Beds (Paleocene-Eocene)
Fig. 3. The stratigraphic relationships of the Late
Cretaceous-Paleogene rocks from the Suwais
section (Qandel area) and Basina-Chwarta area
within the former foreland basin [13].
Geochemical studies show that a diversity of
source rocks supplied detritus to the Red Beds,

The Red Beds are composed of mudstone, sand
stone and conglomerate. Clastic sedimentary rocks
are distributed throughout the succession while
carbonate beds are confined to the lower part of the
unit. In most places the lower contact of the Red
939
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reflecting uplift of older rocks coupled with
intensive orogenic movements during Red Bed
deposition. The Red Beds are divided on the basis
of provenance into two parts. A lower unit is
dominated by radiolarian chert detritus with a
minor component of ophiolitic detritus. An upper
unit lacks radiolarian chert and ophiolitic detritus
and has a mixed provenance of volcanic,
metamorphic and sedimentary rocks.
3. SAMPLING AND METHODS
The current study used conventional geological
methods including geological surveys in the field;
X-ray fluorescence (XRF) and inductively coupled
plasma-mass spectrometer (ICP-MS) analysis.
Fifty five samples from the Suwais and
Sorakalat sections were analysed by XRF for trace
elements in the School of Earth and Environmental
Sciences at the University of Wollongong. Twenty
four samples were analysed using ICP-MS in
Brisbane for REEs from two sections (Suwais and
Sorakalat, Tables 1-2).

Fig. 4. Plots of REEs from average shale [16],
upper continental crust [12] and the selected
samples from the Suwais section normalized to
chondrite values [17].

4. RESULTS AND DISCUSSION
4.1 Rare Earth Elements (REEs)
Rare earth elements (Tables 1-2) provide very
important evidence for determining sedimentary
source rocks because they are stable in different
rocks and minerals and are not modified during
metamorphism [14].
Fig. 4 shows the different patterns for the
average shale [16] and upper continental crust [12]
normalized to chondrite [17]. The figure shows
enrichment in the LREE in the upper continental
crust as a result of the LREEs fractionating into the
liquids generated during magma formation and
intrusion into the upper crust. For this reason the
composition of REEs in the MORB and upper
continental crust is different. The enrichments of La
to Sm are similar in the Qandel and Mawat areas
but with some increase in La in the Mawat area.
All the samples were plotted on spider diagrams
after being normalized to chondrite [4] (Figs 4-5).
Generally there is a similarity pattern of the
geochemical signatures between all the samples in
the
current
study.
These
patterns
are
stratigraphically characterized by non-uniformity of
REE distributions showing relative enrichment of
LREEs with little flat pattern or depletion of
HREEs. The LREEs increase in abundance towards
the middle and upper parts of the Red Beds in

Fig. 5. Plots of REEs from selected samples in the
Sorakalat section normalized to chondrite values
[17].
Table 1. Average REE results for Suwais section.

Units
Unit1
Unit2
Eu
0.4
0.6

La
4.9
7.7
Gd
1.5
2.4

Ce
8.2
16
Tb
0.3
0.4

LREEs
Pr Nd Sm GdYb LaSm
1 4.4 1.1
3.5
4.5
2 8.2 2.1
2.4
3.1
HREEs
Dy Ho Er Tm Yb Lu
1.5 0.3 1.0 0.1 1.0 0.1
2.6 0.6 1.8 0.2 2.1 0.3

Table 2. Average REE results for Sorakalat section.

Units
Unit1
Unit2
Eu
0.4
0.7

940

La
8.6
14
Gd
1.7
2.0

Ce
16
27
Tb
0.3
0.5

LREEs
Pr Nd Sm GdYb LaSm
1.8 6.9 1.5
1.8
5.8
3.2 13 2.8
1.8
5.3
HREEs
Dy Ho Er Tm Yb Lu
1.6 0.3 0.9 0.1 0.9 0.1
2.6 0.5 1.5 0.2 1.6 0.2
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comparison to the lower parts. The increase of
LREEs in the lower mudstone-dominated facies
probably results from their adsorption onto clays,
which coincides with findings in the eastern desert
of Egypt [15].
The Gd/Yb ratio ranges from 1.06-3.2 in the
lower and middle parts decreasing to 0.6-0.8 in the
upper part. The pattern of the samples is ordered
from bottom to top of the sections. In Figs 4-5 the
pattern of the elements in all sections was similar
but there are differences between samples from the
lower, middle and upper parts. Samples from units
one and two reflect high ratios of HREEs while
samples from units three and four have lower
HREE ratios. The chondrite normalized samples
also show positive anomalies represented by Eb, Er
and Gd with negative anomalies represented by
Tm, Eu and Ce. In sandstone samples the Ce
content from the lower, middle and upper parts is
very high ranging from 32-118 ppm.
The patterns in the middle and upper parts are
similar to each other with similar HREE patterns
and a little enrichment by LREEs in the upper part
relative to the middle part. Although the middle and
upper parts were at least partly derived from felsic
or different thrust source rocks, the patterns for
these parts are slightly less than 1; therefore, a
mafic source has still affected these parts as well. In
contrast, patterns from the lower part of the Red
Beds are well below 1 which indicates that a main
mafic and ultramafic source has affected this part.
Also the depletion of LREEs within this lower part
indicates that the source area for this part was
different from the middle and upper parts and it was
not derived from the upper crust. The REE patterns
in the current research are similar to the clayeysiliceous rocks (normalised to shale) from the
Bazhenov Formation in Russia [18]. They also
stated that the Ce distribution was not affected by
early diagenesis and variable redox conditions
which is similar to the Red Beds. The enrichment
of LREEs in some samples from the lower and
middle parts does not necessarily mean that these
samples were affected by the felsic source because
of two reasons.

Table 3. Average concentrations of transition
elements in the Suwais section of the Red Beds.
Units
Unit1
Unit2

V
56
63

Co
26
24

Ni
26
23

Cr
237
172

Cu
484
459

Ce
26
32

Table 4. Average concentrations of transition
elements in the Sorakalat section of the Red Beds.
Units
Unit1
Unit2

V
98
64

Co
40
64

Ni
39
71

Cr
399
22

Cu
711
38

Ce
29
40

ultramafic rocks and they are more common in
pelitic rocks than in shale and the NASC [6]; [20];
[21].
V in the Red Beds includes high values reaching
up to 208 ppm in some parts of the Red Beds,
especially within the Kalacholan-Mawat section
(Table 3). This element occurs in the structure of
pyroxene, amphibole, biotite and the oxides that
contain titanium [22]. Therefore, V has high values
in some samples that are probably rich in pyroxene.
Cr occurs in igneous rocks in spinel minerals, such
as chromites, and it also occurs in ferromagnesian
minerals, such as pyroxene and olivine [23]. In
ultramafic igneous rocks Cr content is more than
2000 ppm, in basalt it ranges between 150-200
ppm; it reduces to 25-80 ppm in intermediate rocks
while it decreases to less than 20 ppm in granitic
rocks. During weathering of the source rocks the
behaviour of Cr+3, which occurs in the silicate
minerals, is geochemically similar to Fe+3 and Al+3,
therefore, it occurs in the clay minerals. During
more intense oxidation conditions Cr+3 is probably
oxidised to Cr+6 to form CrO42- that may be
deposited in chromate minerals such as CaCrO4 and
PbCrO4. The Cr that occurs in chromite and spinel
is generally resistant to geochemical weathering;
therefore, it is transported from the source area to
the sedimentary environments in the resistant
minerals which strongly reflect the Red Beds.
The increase of Co and decrease of other
transition elements may not reflect a mafic rock
origin but could reflect sedimentary sorting
processes [21]. This has happened in the Red Beds
in the Mawat-Chwarta area in the upper part (unit
2) of the Sorakalat section (Table 4). There is a
negative relationship between Co/Ni versus Cr in
several samples from the upper part of unit two in
the Sorakalat and Suwais sections (Tables 3 and 4)
while generally there is similarity in the Co/Ni in
the other samples although strong variability occurs
in Cr contents in unit one. This probably indicates
that the Cr in the Red Beds occurs mainly in detrital
chromite mineral grains. Chromite was not

4.2 Transition trace elements (TTE)
This group, also called ferromagnesian trace
elements, is composed of V, Co, Ni, Cr and Cu
which show convergent behaviour during the
evolutionary processes of volcanic rocks and they
decrease with increasing silica content. These
elements are very important for determining
provenance and tectonic setting [19]. It is well
known that these elements concentrate in mafic and
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uniformly distributed in the source rocks but was
concentrated in pockets and, therefore, the amount
of chromite derived from this source depends on
the surface area of chromite bodies that were
exposed to weathering.
The ratio of Co/Ni in the Red Beds is not
affected by the previous factors because these
elements occur in the silicate minerals and their
abundance is related to weathering products such as
illite-smectite and montmorillonite that are
common in the Red Beds. The small variation in
the Co/Ni ratio in the lower part of the Red Beds
indicates little variation in the nature of the source
rocks during their sedimentation. The stronger
variation of this ratio in the upper parts of the Red
Beds reflects contribution from another source
whereas there is little variability in the Cr content in
this part of the sequence relative to the lower parts.
When the Co/Ni ratios and Zr contents were
compared to data from other rocks from northern
Iraq and elsewhere it was shown that most of the
lower Red Bed samples were close to values from
dunite, harzburgite, lherzolite and basalt while most
of the middle Red Bed samples plus sample S20
from the lower part are similar to the upper
continental crust analyses (Table 3). Recently
analysed Cr-spinels from serpentines in northern
Iraq showed that much of the matrix of the
serpentines was derived from harezburgite and
lherzolite of forearc affinity [24].
The amount of Ni in the Red Beds increases in
the upper parts within the conglomerate facies,
which probably reflects a contribution of felsic
components. It should be mentioned that the Cr and
Ni in the Red Beds have low concentrations in the
Merga and Kanarroy sections which probably
reflects less exposure to an ultramafic source during
the deposition of these sections or because a
different river channel supplied these deposits to
the basin. The Cr contents in the Taconian orogen
from North America reached 3950 ppm [1]. If Cr
and Ni > 100 ppm and they show a high correlation
they probably indicate derivation from ultramafic
components in the source area [3]. A Cr/Ni ratio of
2 or more indicates a mafic source and, therefore,
since most Cr and Ni values from the lower part of
the Red Beds plotted within this range they would
have come from a mafic source while the middle
(sandstone) and upper part (conglomerate) of the
sequence were under this range and would have had
a less mafic source. These results exactly coincide
with findings from the Bastar craton [21].
Pelite samples tend to be enriched with Cr and
Ni [21] but contents are slightly lower than the
actual mafic volcanic rock samples from the Baster

craton [22]. In contrast, their coarser grained
samples of sandstone and quartzite plotted in the
field of post-Archean crust reflecting derivation
from granite and gneiss in the Baster craton [25].
5. CONCLUSIONS
Generally, the trace and REEs indicated that the
sediments in the Red Beds were affected by a major
ultramafic to mafic source, especially in the
mudstone facies from the lower part, and the
geochemical data were compatible with a mixed to
mafic impact especially within the coarse-grained
sediments in the middle and upper parts. The data
also indicated that the Red Beds were affected by a
moderate degree of weathering and a lack of
recycled sediments. Rare earth elements were
normalized to chondrite, average shale, upper
continual crust and mid oceanic ridge values. The
diagrams of chondrite normallised values generally
show enrichment in LREEs with negative Eu
anomalies and the lower part of the Red Beds is
mainly enriched with HREEs ascribed to mafic and
ultramafic source rocks contrary to the middle and
upper parts which have less HREES and were
probably affected by a felsic source.
The concentration of transition elements the
lower parts and depletion in the upper parts reflect
regressive erosion of the mafic components
upwards through the section with little effect from a
felsic source. Spider diagrams reflect the main
derivation of mafic sediment in lower parts of the
Red Beds with a minor felsic contribution fed into
the middle and upper parts.
According to their geochemical signatures the
Red Bed sediments were deposited in a range of
sedimentary environments and derived from a
source area with varied source rocks. The
provenance of the Red Beds can be inferred from
the geochemical evidence to be predominantly
mafic as shown by the REEs and transition
elements.
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